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Abstract 
Background: Livestock grazing and ‘overabundance’ of large wild herbivores in forested areas have long been per-
ceived as conflicting with the aims of both silviculture and forest conservation; however, certain kinds of herbivory 
can help to maintain habitat values in forest ecosystems. Management of grazing/browsing in protected forests can, 
therefore, be a critical tool for biodiversity conservation. However, it is not clear what impacts of wild ungulates or 
livestock are tolerable or desirable in forests set aside for conservation or restoration. The primary aim of the proposed 
systematic review is to clarify how the diversity of plants and invertebrates is affected by manipulation of the grazing/
browsing pressure by livestock or wild ungulates. The ultimate purpose of the review is to investigate whether such 
manipulation is useful as a means of conserving or restoring biodiversity in forest set-asides.
Methods: The review will examine primary field studies of how fencing or other kinds of manipulation of the graz-
ing/browsing pressure by livestock or wild ungulates affects plants or invertebrates. We will consider studies made in 
boreal or temperate forests anywhere in the world, incorporating investigations made not only in protected areas but 
also in stands under commercial management. Non-intervention or alternative levels of grazing pressure will be used 
as comparators. Relevant outcomes include abundance, diversity and composition of plants and invertebrates, tree 
regeneration, and performance of focal/target species. Relevant studies will mainly be selected from a recent system-
atic map of the evidence on biodiversity impacts of active management in forest set-asides. A search update will be 
made with a subset of the search terms used for the systematic map. Searches for additional literature will be made in 
bibliographies of existing reviews. Relevant studies will be subject to critical appraisal and categorised as having high, 
medium or low susceptibility to bias. Studies with high susceptibility to bias will be excluded from the review. Useful 
outcomes and data on interventions and other potential effect modifiers will be extracted from included articles. 
A narrative synthesis will describe the quality and findings of all studies in the review. Where studies report similar out-
comes, meta-analysis will be performed.
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Background
Large herbivorous mammals are a natural part of the 
fauna of most forest regions of the world, except on 
remote islands. Their abundance and assemblages have 
been dramatically affected by humans throughout his-
tory, however. Major impacts include use of forests for 
livestock grazing, deliberate introduction of game spe-
cies, and strongly increased abundance of wild ungulates 
due to removal of top predators or supplementary forage 
in agricultural or production-forest landscapes [1–3]. Of 
these changes, livestock grazing and ‘overabundance’ of 
large wild herbivores have long been perceived as con-
flicting with the aims of both silviculture and forest con-
servation [3–6].
On the other hand, the importance of herbivory for 
the maintenance of habitat values (such as structural and 
compositional diversity) in forest ecosystems has also 
been recognised [7–10]. For example, livestock-modified 
ecosystems can help compensate for the loss of open 
natural habitats in the profoundly transformed European 
landscapes [11, 12]. The re-introduction of plains bison 
to Banff National Park in Canada was partially motivated 
by the recognition of their importance in maintaining 
habitat heterogeneity necessary to conserve biodiversity 
in the park [13]. Managed grazing has also been con-
sidered as a tool for restoration of ecosystems that have 
become degraded due to a lack of wildfire [14]. While 
grazing-related conservation values are best known in the 
case of grasslands, the biodiversity importance of grazed, 
semi-open forests is also increasingly documented [15]. 
For example, some authors have proposed that, in long-
grazed forests, conservation should maintain ‘moderate’ 
grazing levels [16].
Management of grazing/browsing in protected areas 
can, therefore, be a critical tool for biodiversity conserva-
tion. Unfortunately, it is not clear what impacts of wild 
ungulates or livestock are tolerable or desirable in pro-
tected forests, except that they should be aligned with 
conservation targets [17]. Faced with a wide array of 
management options—from strict protection to a range 
of interventions [18]—conservation managers need to 
understand how biodiversity and other conservation val-
ues vary with grazing and browsing pressures.
Identification of review topic
At the request of Swedish stakeholders, who wished to 
get an overview of the scientific support for various ways 
of managing protected forests, we recently published a 
systematic map focused on the effects of active manage-
ment on biodiversity in forests set aside for conservation 
or restoration [19]. A systematic map does not synthe-
sise reported results but rather provides a summary of 
the evidence base, and it can therefore be seen as a first 
step towards more complete reviews of selected subtop-
ics. A total of 812 studies describing a variety of inter-
ventions in temperate or boreal forests were identified as 
relevant. The map included studies of interventions that 
could conceivably be utilised in protected areas, whether 
the study was conducted in a forest set-aside or in forest 
under commercial management.
Following completion of the systematic map, the effect 
of forest grazing/browsing was identified as a candidate 
topic for full systematic review based on a number of key 
criteria: the presence of sufficient reliable evidence, the 
relevance of the topic for stakeholders, the applicability of 
the topic for the Swedish forests, and the added value of 
a systematic approach to a topic that has so far received 
attention only via traditional reviews. The topic was pro-
posed and accepted during a meeting of the authors in 
April 2015.
The studies in the systematic map that dealt with 
manipulation of grazing or browsing mainly related to 
exclusion, enclosure or culling of deer and other wild 
cervids, but they also included studies on traditional 
forest grazing by cattle, sheep or other livestock. All 
these types of intervention are highly relevant to for-
est conservation, and a review of grazing effects has 
been explicitly proposed by Swedish stakeholders. Fos-
ter et  al. [20] provide a quantitative review of impacts 
of large native herbivores on the species richness and 
abundance of fauna, and there are several narrative 
reviews of grazing/browsing effects on various aspects 
of biodiversity (e.g. [21–25]). However, there is still a 
need for an explicitly practice-oriented analysis that 
considers biodiversity targets (e.g., increased tree spe-
cies diversity, forest structural heterogeneity, abundance 
of plant or invertebrate species of conservation concern, 
or reduced abundance of weedy or invasive species) rel-
evant to the active-management context (i.e. manipu-
lation of the grazing pressure in boreal and temperate 
forest set-asides).
Objectives
The primary aim of the proposed systematic review is 
to clarify how the diversity of plants and invertebrates is 
affected by manipulation of the grazing/browsing pres-
sure by livestock or wild ungulates in temperate and 
boreal forests. Plants are obviously affected by herbivory, 
directly or indirectly, and the structural diversity of veg-
etation is an important aspect of habitat value and thus of 
conservation value in itself. Invertebrates were included 
as a highly diverse group that is directly dependent on 
vegetation structure; further, Foster et al. [20] identified 
them as being particularly sensitive to herbivory. Both 
plants and invertebrates also include a number of threat-
ened species.
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The ultimate purpose of the review is to investigate 
whether manipulation of the grazing/browsing pressure is 
useful as a means of conserving or restoring biodiversity in 
forest set-asides. Nonetheless, we will assess manipulation 
impacts as such on plants and invertebrates, rather than 
the extent to which these impacts are desirable for conser-
vation. We will also include any relevant studies made in 
forests under commercial management.
The review will follow the guidelines for systematic 
reviews in environmental management issued by the col-
laboration for environmental evidence [26].
Primary question
What are the impacts of manipulating the pressure of 
grazing and browsing by livestock or wild ungulates on 
plants and invertebrates in temperate and boreal forests?
Components of the primary question
Population:  Temperate and boreal forests.
Intervention:  Manipulation of the pressure of graz-
ing and browsing by livestock or wild 
ungulates.
Comparator:  Non-intervention or alternative levels 
of intervention.
Outcomes:  Abundance, diversity and composi-
tion of plants and/or invertebrates.
   Tree regeneration.
   Performance (e.g. growth, reproduc-
tion) of focal/target species (individual 
plant or invertebrate species that the 
intervention was intended to benefit 
or control).
Methods
Selection of studies identified in the systematic map
Most of the evidence on which this systematic review will 
be based is included in the recently completed system-
atic map of biodiversity impacts of active management in 
forest set-asides [19]. Of the 812 studies in the map, 149 
reported on how plants or invertebrates were affected by 
manipulation of grazing or browsing. Nearly all of these 
dealt with grazing/browsing by wild or domesticated 
ungulates—the few that focused on other herbivores will 
be excluded from this review.
The systematic map was based on searches using 13 
publication databases, 2 search engines, 24 special-
ist websites and 10 literature reviews. The majority of 
searches were performed in May–August 2014. In March 
2015, a search update was made using Web of Science 
and Google Scholar.
Search update
A comprehensive search for additional potentially rele-
vant studies will be made in the bibliographies of existing 
reviews of forest grazing/browsing.
Furthermore, in order to identify recently published 
literature, we will perform an additional search update, 
using the following subset of search terms applied for the 
systematic map:
Subject:   Forest*, woodland*, “wood* pasture*”, 
“wood* meadow*”.
Forest type:  Boreal, boreonemoral, hemiboreal, 
nemoral, temperate, conifer*, decidu-
ous, broadlea*, “mixed forest”, spruce, 
“Scots pine”, birch, aspen, beech, 
“Quercus robur”, Swed*.
Intervention:  Graz*, brows*, fenc*, exclos*.
Outcomes:  *Diversity, species AND (richness 
OR focal OR target OR keystone OR 
umbrella OR red-list* OR threatened 
OR endangered OR rare), “species 
density”, “number of species”, indica-
tor*, abundance, habitat*.
The terms within each category (‘subject’, ‘forest type’, 
‘intervention’ and ‘outcomes’) will be combined using the 
Boolean operator ‘OR’. The four categories will then be 
combined using the Boolean operator ‘AND’. An asterisk 
(*) is a ‘wildcard’ that represents any group of characters, 
including no character.
Searches for peer-reviewed or grey literature pub-
lished in 2014 or later will be made in Web of Science 
and Google Scholar. In the latter case, the first 200 hits 
(based on relevance) will be examined for appropriate 
data. No language or document type restrictions will be 
applied.
Article screening and study inclusion criteria
Articles will be evaluated for inclusion at three succes-
sive levels. First, they will be assessed by title. Next, each 
article found to be potentially relevant on the basis of 
title will be judged for inclusion on the basis of abstract. 
Finally, each article found to be potentially relevant on 
the basis of abstract will be judged for inclusion based on 
the full text. At all stages of this screening process, the 
reviewer will tend towards inclusion in cases of uncer-
tainty. Articles identified by one reviewer as potentially 
useful based on full text will be assessed by a second 
reviewer; and care will be taken to ensure reviewers do 
not assess studies authored by themselves. Final deci-
sions on whether to include doubtful cases will be taken 
by the review team as a whole.
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A list of studies rejected on the basis of full-text assess-
ment will be provided in an appendix together with the 
reasons for exclusion.
In order to be included, each study must pass each of 
the following criteria (a subset of those used for the sys-
tematic map):
•  Relevant subjects Forests in the boreal or temperate 
vegetation zones.
Any habitat with a tree layer is regarded as forest, 
which means that studies of e.g. wooded meadows and 
urban woodlands may be included.
As an approximation of the boreal and temperate veg-
etation zones we will use the cold Köppen-Geiger cli-
mate zones (the D zones) and some of the temperate 
ones (Cfb, Cfc and Csb), as defined by Peel et al. [27]. The 
other temperate Köppen-Geiger climate zones are often 
referred to as subtropical and are therefore considered to 
fall outside the scope of this review.
Nevertheless, forest stands dominated by ponderosa 
pine (Pinus ponderosa) will be considered as relevant 
even if located outside the climate zones mentioned 
above. These forests constitute a well-studied North 
American habitat type that shares several characteristics 
with the pine forests in boreal and temperate regions.
•  Relevant types of intervention Manipulation of ungu-
late grazing/browsing pressure, e.g. by fencing or by 
introduction or culling of ungulates.
Studies of areas where the grazing/browsing pressure 
varies for reasons other than direct manipulation (e.g. 
because of natural differences in accessibility or food 
availability) will not be included.
•  Relevant type of comparator Non-intervention or alter-
native levels of intervention.
Both temporal and spatial comparisons of how graz-
ing/browsing manipulations affect biodiversity are con-
sidered to be relevant. This means that we will include 
both before/after (BA) studies, i.e. comparisons of the 
same site prior to and following an intervention, and con-
trol/impact (CI) studies, i.e. comparisons of treated and 
untreated sites (or sites that had been subject to differ-
ent kinds of treatment). Studies combining these types of 
comparison, i.e. those with a before/after/control/impact 
(BACI) design, will also be included.
  • Relevant types of outcome Abundance, diversity or 
composition of plants and/or invertebrates (includ-
ing exotic species); tree regeneration (seedlings and 
saplings); performance (e.g. growth, reproduction) of 
focal/target species (individual plant or invertebrate 
species that the intervention was intended to benefit 
or control).
  • Relevant type of study Primary field studies.
Based on this criterion, we will exclude e.g. simulation 
studies, review papers and policy discussions.
•  Language Full text written in English, French, German, 
Danish, Norwegian, Swedish, Finnish, Estonian or Rus-
sian.
Study quality assessment
Studies that have passed the relevance criteria described 
above will be subject to critical appraisal. Based on 
assessments of their validity, they will be categorised as 
having high, medium or low susceptibility to bias.
Studies will be excluded from the review due to high 
susceptibility to bias (low quality) if any of the following 
factors apply:
  • No true replication.
  • Methodological description insufficient.
  • Intervention and comparator sites not well-matched.
  • Severely confounding factors present.
  • Outcomes difficult to interpret.
  • Intervention data difficult to interpret.
Confounding factors may include interventions per-
formed in addition to manipulation of the grazing pres-
sure. Historically, wood-pastures were often used for 
multiple purposes that combined grazing with, for exam-
ple, mowing, acorn collecting, litter raking and field crop 
cultivation [15]. However, present-day reserve manage-
ment typically requires separate consideration of each 
intervention; therefore, studies of such combined activi-
ties (even if historically relevant) will be excluded due to 
severely confounding factors unless the main effect of 
grazing can be distinguished.
Studies that are not excluded due to low quality will 
be considered to have medium susceptibility to bias 
(medium quality) if any of the following factors apply:
  • Location of study plots potentially biased.
  • BA study (not CI or BACI).
  • No data on variance or sample sizes.
  • No quantitative data on grazing/browsing pressure.
If none of the above factors apply, the study will be con-
sidered to have low susceptibility to bias (high quality).
Detailed reasoning concerning critical appraisal will be 
recorded in a transparent manner. In general, the quality 
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of a study will be assessed by one reviewer, but again, 
care will be taken to ensure reviewers do not assess stud-
ies authored by themselves. The final ruling on doubtful 
cases will be made by the review team as a whole. Full 
justification for our decisions on susceptibility to bias 
will be provided for each study in an appendix to the final 
report. The significance of quality issues and other limita-
tions of the available data will be considered in our dis-
cussion of review findings. In particular, we will discuss 
how our results may have been affected by the exclusion 
of studies that are relevant in principle but have high sus-
ceptibility to bias, e.g. due to confounding factors or lack 
of replication.
Data extraction strategy
Outcome means, measures of variation and uncertainty 
(standard deviation, standard error, confidence intervals) 
and sample sizes will be extracted from tables and graphs, 
using image analysis software when necessary. The selec-
tion of outcomes to be extracted from an article will be 
made by one reviewer. A second reviewer will reassess 
this selection and perform the actual data extraction, and 
the records will be double-checked by a third reviewer. 
Data on interventions and other potential effect modifi-
ers will also be extracted from the included articles.
It may in some cases be useful to ask authors of rele-
vant articles to supply data in digital format. This will pri-
marily be done where useful data have been published in 
graphs from which they are difficult to extract accurately 
enough, or when it is known or assumed that consider-
able amounts of relevant but unpublished data may be 
available in addition to the published results. If raw data 
are provided, summary statistics will be calculated by us. 
Extracted data records will be made available as an addi-
tional file.
Potential effect modifiers and reasons for heterogeneity
To the extent that data are available, the following poten-
tial effect modifiers will be considered and recorded for 
all studies included in this review:
  • Geographical coordinates.
  • Altitude.
  • Climate (and climate change).
  • Mean age of forest stand.
  • Dominant tree species.
  • Forest density (e.g. basal area or overstorey canopy 
cover).
  • Primary target vegetation for grazers/browsers.
  • Type of intervention (exclosures, enclosures, culling 
etc.)
  • Duration and seasonality of intervention.
  • Size of exclosures/enclosures and/or study sites.
  • Size of sampling plots.
  • Ungulate grazer/browser species subject to manipu-
lation.
  • Grazing/browsing pressure (e.g. no. of animals per 
km2).
  • Other interventions at study sites (harvesting, thin-
ning, understorey removal, mowing, burning etc.)
  • Landscape aspects (such as degree of isolation).
  • History of land use, grazing and protection.
Data synthesis and presentation
A narrative synthesis of data from all studies included 
in the review will describe the quality of the results 
along with the study findings. Tables will be produced 
to summarise these results. Where studies report simi-
lar outcomes, meta-analysis will be performed. In these 
cases effect sizes will be standardised and weighted 
appropriately. Judging from the availability of data, 
meta-analyses are likely to focus on the species rich-
ness, abundance and performance of tree seedlings, 
saplings and field-layer vegetation, and on the species 
richness and abundance of shrubs and major groups of 
invertebrates.
Where meta-analysis is possible, it will take the form 
of random-effects models. Meta-regressions or subgroup 
analyses of categories of studies will also be performed 
where sufficient studies report common sources of het-
erogeneity. Special efforts will be made to analyse how 
effects depend on the density of grazing/browsing ungu-
lates. Publication-bias and sensitivity analysis will be car-
ried out where possible. Overall management effects will 
be presented visually in plots of mean effect sizes and 
variance.
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